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This invention relates to a method and apparatus for
applying tension to workpieces produced on flat bed fully-
fashioned knitting machines, and is more particularly ap-
plicable to a method and apparatus for use with multi-
head knitting machines, although it is not limited in this
respect.

Most fully-fashioned garment pieces, e.g. back, front
or sleeves, commence at a much greater width than the
finishing width, and in practice it is essential that initial
tension should be applied to the full width theréof and
that such tension should be applied to the first course
which is knitted. If, as is usual, the garment pieces are
knitted in “string” form with separating threads between
each garment piece, this condition cannot apply- since
tension can only be applied to the first course of the new
garment piece which is the equivalent of the finishing
width of the previously knitted garment piece.

The above mentioned disadvantage can be overcome
by progressively widening between the end of one gar-
ment piece and the beginning of the next garment piece.
However, this would entail considerable waste of ma-
chine running time and costly yarn and would defeat the
whole object of knitting shaped garments which is to
save wastage of expensive yarns.

Due to these inherent disadvantages of knitting gar-
ment pieces in “string” form, the present invention sets
out to provide an improved method and apparatus for
tens1on1ng garment pieces which are knitted separately
and not in “string” form.

According to the present invention, a method of ap-
plying tension to a knitted garment piece produced on a
flat bed fully-fashioned knitting machine comprises caus-
ing the first course of yard to be drawn by the needles,
moving a tension applying device having a series of hooks

upwardly towards the .yarn on the needles so that the.

hooks thereof pass beyond the position of the yarn, in-
serting automatically a length of wire between the hooks
of the tension applying device and the first course of
yarn, moving the tension applying device downwardly
so that the hooks thereof gather the wire and thus also
the first course of -‘yarn, and subsequently allowing the
weight of the tension applying device to apply tension
to the first course. and to subsequent courses of the gar-
ment piece.

According to a further feature of .the invention, the
method includes the step of releasing the temsion applied
through the hooks of the tension applying device when
the garment piece reaches a predetermined length, and
subsequently applying tension to the garment piece, at a
position which is intermediate of -its ‘ends, through fric-
tion gripping means which also form part of the tension
applying device.

According to. a. still further feature of the invention,
the method includes the step of automatically decreasing
the tension applied by the tension applying means as the
width of the garment piece decreases.

According to the invention furthermore, apparatus for
applying tension to a knitted garment piece produced on
a flat bed fully-fashioned knitting machine using a length
of wire which is held in the first course of yarn, com-
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prises a wire feed mechanism for temporarily holding
the length of wire and for moving said wire into a posi-
tion adjacent the operative ends of the needles of the
machine, and tension-applying means for gathering up
the wire and thus also the first course of yarn to apply
tension to the first and subsequent courses of the garment
piece.

In a preferred construction, the wire feed mechanism
comprises a pivotally mounted frame having a plurality -
of spaced permanent magnets against which the wire is
held, and the tension-applying means consist of a hooked
bar which is moved upwardly to engage the wire and
applies deadweight tension, at least during part of the
knitting operation, to the first and subsequent courses
of the garment piece. )

The invention is illustrated by way of example in the
accompanying drawings in which,

FIGURES 1(a) and 1(b) together form a perspec-

tive view of part of the apparatus according to the inven-
tion with the pivotally mounted wire positioning frame
removed,
- FIGURES 2(a) and 2(b) together are a cross-section
in part showing the apparatus according to the invention
and including the pivotally mounted wire positioning
frame shown in an operative position,

FIGURE 3 is an elevation in part corresponding to
FIGURE 2(a),

FIGURES 4(a) and 4(b) together are a cross-section

- corresponding to FIGURES 2(a) and 2(b) but showing
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the pivotally mounted wire positioning frame in an in-
operative position,

FIGURES 5 and 6 are details of two forms of magnet
for ‘holding the garment piece gripping wires,

FIGURE 7 is a schematic view showing the common
guide means as applied to a machine at least three knit-
ting divisions,

FIGURE 8 is an electrical diagram as applied to a ma-
chine having six knitting divisions, and

FIGURES 9, 10, 11 and 12 are.schematic pérspective
views showing the manner in which a wire is engaged with
the yarn and tension applied to the yarn therewith,

Referring to the drawings, the invention will now be
described generally with reference to a single knitting
head, it being understood that, when applied to .a multi-
head machine, the apparatus, with the exception of cer-
tain parts which are common to all heads, will .be Te-
peated in each knitting division.

As shown in the drawings, there is provided a continual-
ly revolving shaft 10 driven by a motor 11 (FIGURE 7),
the shaft, in the case of a multi-head machine, extending
the full length thereof and being common to all knitting
divisions. The shaft 16 is provided, adjacent the, or each,
knitting division with a pulley or sprocket wheel 12
which is coupled, via a belt or chain 13, to-a pulley or
sprocket 14 fixed to an operating shaft 15 arranged in the,
or each, knitting division.

Each operating shaft 15 has two spaced cable drums
16, one end of the cables 17 of each of which is adapted
to be wrapped around the drum and the other ends of
which are passed over pulleys 23 and secured to a tension
applying device.

The, or each, operating shaft 15 is formed in two parts
which are coupled together by a magnetic clutch 24 which
is of the type which is able to transmit a variable torque
according to the current applied. The input and output
shafts of the clutch are connected only by magnetic at-
traction and are arranged so that, via the main shaft
10, the input shaft is continually rotating in such manner
that the output shaft has a tendency always to wrap the
cables 17 on the drums 16 and to bias the tension apply-
ing device in an upward .direction, against the force of



3,250,094

3

gravity. Thus, as hereinafter described, the magnetic

clutch 24 provides in effect variable counterbalancing
means for the tension applying means.
. The tension applying means comprise brackets 18 sup-
porting a bar 19 having a series of spaced hooks 28, said
brackets 18 being slidable on vertical guide members 21
arranged at or near each end of co-operating needle
beds 22. The tension applying device also includes an
angle bar 25 and a shaft 26 both of which are secured at
their ends to blocks 27, to which the ends of the cables
17 are fixed, which blocks are slidable on the vertical
guide members 21. The blocks 27 are disposed above
the brackets 18 and the latter are detachably secured to
the blocks 27 by means of latches 28. Furthermore, the
bar 25 and the shaft 26 are secured to the blocks 27
in spaced relationship with one another so as to allow pas-
sage of the hooked bar 19, which is fixed to the brackets
18 in a position above the bar 25 and the shaft 26, there-
between.
The shaft 26 has pivotally mounted thereon a plurality
of bellcrank levers 29. One arm of the bellcrank levers
serves to support a roller or rollers 30 which also actas a
counterweight or counterweights, and the other arms are
provided with, or support, a2 pad or pads of friction ma-
terial 31, the arrangement of the levers being such that the
friction material is biased into engagement with the bar
25 as can be seen in FIGURES 2(a) and 4(a).
Arranged on a support bar 32 is a cam plate 33 which
is positioned in such manner that it is engaged by the
rollers 30 during the vertical downward movement of the
tension applying device thereby pivoting the bellcrank
levers 29 so that the pads 31 are moved away from the
bar 25 as can be seen in FIGURES 2(b) and 4(b). The
purpose of this is to avoid interference with the hooked
bar 19 when, as hereinafter described, the brackets 18 are
disconnected from the blocks 27. ) :
The means for effecting disconnection between the
brackets 18 and the blocks 27 comprises upstanding pins
34 which are fixed to lever 35, pivotally mounted on the
axes of the guide members 21, in such manner that move-
ment of the levers 35 causes the pins 34 to move in an
arcuate path.
- Movement of the pins 34 is effective, when the tension
applying device is in the appropriate position, to disen-
gage the latches 28, which are mounted at one end on a

- hinge pin 36 fixed to the block 27, from the brackets 28.
This is carried out by the pins 34 engaging projections
37 on the brackets 28 in such manner as to move the
latter about their hinge pins 36 and to move the hook-
shaped portion 38 out of engagement with projections 39
on the brackets 28, - . )

Movement of the levers 35 is effected by foot pedal
40 which is connected, via a link 41, a bellcrank lever 42,
a further link 43 and a coupling 44 to an actuating rod
45 attached, through a coupling 46, to the levers 35. In
the case of a multi-head machine, the actuating rod 45
extends the full length of the machine and is coupled to
the levers 35 of each knitting division so that the pedal
40 is effective to actuate the levers 35 of all the knitting
divisions simultaneously. As shown in FIGURE 1(b),
the foot pedal 40 is biased into an inoperative position
by a tension spring 47 connected to the bellcrank lever 42.

A wire feed mechanism 48 (FIGURES 2(a) and 4(a),
which comprises a pivotally mounted frame 49, is ar-
ranged above the needle beds 22 of the machine, the frame
including a plurality of spaced arms 50 provided at their

- ends with permanent magnets 51 having grooved ends, for
example as shown in FIGURES 5 and 6 of V-shaped
cross-section, to receive and to hold a length of wire 52.

. The frame 49 is mounted on pivot rods 53 and 54
which are supported on parallel links 55 and 56. The
link 55 is connected at one end to the pivot rod 53 and
at its other end to a shaft 57 mounted in end brackets 58.
The link 56 is connected at one end to the pivot rod
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54 and at its other end to a shaft 59 which is supported
by cross links 69 pivotally mounted on the shaft 57. The
links are soO arranged and constructed that, during move-
ment from an inoperative position where the wire 52 is
manually attached to the magnets 51, to an operative
position where the wire is removed from the magnets,
the wire supporting ends of the magnets are caused to
follow an arcuate path until they reach a point slightly
above the operative ends of the needles of the machine
as is shown in FIGURES 2(a) and 10, and thereafter
to move in a straight line to a position where the wire
is held in a position immediately adjacent the operative
ends of the needles. This is'due to the fact that, during
initial movement of the mechanism, the whole mecha-
nism turns about the shaft 57 until the cross-link 60 en-
gages a stop 61 on the bracket 58, and thereafter the two
links 55 and 56 can only pivot about the shafts 57 and
59 respectively. . A tension spring 62 ensures that the
links are initially moved together with one another.

The purpose of constraining the end of the frame, and
thus also the wire attached thereto, to follow the path
described is to avoid the possibility of the frame fouling
other parts (not shown) of the machine such as the fash-
ioning elements, the brushes and the yarn carriers, which
are associated with the needle beds.

In operation, the first course of yarn is drawn by the
needles, as is shown in FIGURE 9, and thereafter the
tension applying device is moved upwardly from below
the needle beds 22 so that the hooks 20 of the bar 19,
which are arranged in spaced relationship with one an-
other, pass beyond the course of yarn to the position
shown in FIGURE 10. This is effected by closing a
switch 62 (FIGURE 8) which short circuits a resistance
63 allowing sufficient current to pass to the coil 64 of the
clutch 24 to overcome the weight of the tension apply-
ing device to cause the latter to be moved upwardly.
(The remaining coils shown in FIGURE 8 are for use
in a multi-head machine where all the clutches operate
simultaneously. The wire 52 is then moved, as herein-
before described, into a position where it lies between
the first course of yarn, as shown in FIGURE 10, and the
hooks 20 of the hooked bar 19, and the tension applying
device, which provides a dead weight, is moved down-
wardly by adjusting the clutch 24 so that the hooks 20
gather the wire, pulling it away from the influence of the
magnets 51 and drawing it into contact with the first
course of loops which are tensioned thereby as is shown
in FIGURE 11. It will be appreciated that, when the
varn for the second course is drawn by the needles, the
loops will be formed over the wire 52 so that the latter
is held in position in the loops as can be seen in FIG-
URE 12. As subsequent courses are knitted the dead
weight of the tension applying device applies continued
tension to the garment piece as can be understood from
FIGURE 12.

As previously mentioned, the starting width of a gar-
ment piece is usually wider than the finishing width and,
on fully-fashioned machines, it is usual to use fashion-
ing fingers to_transfer loops on the selvedges inwards or
outwards to shape the garment piece. Thus, the ten-
sion which is applied to the fabric being knitted is trans-
ferred in part to the fashioning fingers. As the fabric
gets narrower, the proportion of the tension applied to
the fashioning fingers. increases and, if this becomes too

.great, the fashioning fingers will distort and result in

unreliable fashioning,

Thus, as indicated, the tension applied to the garment
piece is reduced as the knitting width of the garment
piece reduces. This is effected by means of a variable
resistance 65 arranged in the circtiit: of the clutch coil 64.
Variation of the torque applied” by the clutch 24 is
achieved in any desired manner such as by fitting to the
resistor a gear- which meshes with a toothed rack, the
rack being attached to the means controlling the knitting
width of the garment piece. Thus, as the width alters,
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the resistance varies to alter the torque apphed by the.
clutch.

A further resistance 66 is provided.in the circuit and
constitutes a range setting resistance which can be set
manually to increase or decrease.the effective torque of
the clutch 24 to suit different knitting conditions. In the
case of a multi-head machine further resistances 67 are
provided to trim the individual clutches in order to match
their torques to- the same figure. Alternatively, the re-
sistances can be used  to vary the torques one to the
other if it is required to knit different yarns on each
knitting head which may require. different fabric tension
conditions. - A switch 68 is provided to isolate the clutch
circuit.

‘When the garment piece reaches a certain length ie. a
length where the downward movement of the tension
applying device reaches its maximum, and it is required
to extend the length thereof by knitting still further, the
foot pedal 40 is depressed to disengage the brackets 18
from the blocks 27. 1In this respect, it will be under-
stood that, when the tension applying device nears the end
of its stroke, the rollers 30 will engage the cam plate 33
to pivot the bellcrank levers 29 so that the friction pads
31 will move away from the bar 25. as indicated in FIG-
URES 2(a) and 4(a).

Pressure on the foot pedal 40 pivots the latches 28 as
hereinbefore described and, at the same time, causes ac-
tuation of a switch 69 (FIGURES 1(#) and 8) which
short circuits the resistance 63 to operate the clutch 24
in the manner hereinbefore described with reference to
the switch 62.

Thus, the hooked bar 19 remains stationary and retains
the end of the garment piece and the bar 25 with its as-
sociated parts is moved upwardly under the action of
the clutch. In moving upwardly, the bar 25 and the fric-
tion pads 31 pass the hooked bar 19 on opposite sides
thereof, the friction pads having been pivoted out of
position for this purpose by the cam 33, and after clear-
ing the cam 33, the bar 25 and the friction pads 31
slide over opposite faces of the ganment piece. On reach-
ing the uppermost position, the foot pedal 40 is released
and the pads 31 under the action of the roller weights
30 press the material against the bar 25 and grip it.
Further, tension is thereafter applied to the material by
the. weight of the bar.25 and its associated parts.

‘The tension applied is varied according to the knitting
width in the manner hereinbefore described.

It will be understood that, where a machine is intended

. for knitting only short lengths of material, or where it

is practical to provide greater than average space below
the machine to accommodate long lengths of material,
the bar 25 and its associated parts can be dispensed with
and tension applied by the hooked bar only. In this re-
spect, it will be obvious that the cables 17 will be secured
to the brackets 18 and not to the blocks 27.

Thus, it will be seen that the invention provides a
simple but efficient method and apparatus for applying
the necessary- tension to a garment piece. being knitted,
the particular advantage of the automatic feed mecha-
nism for the wires 52 being that it does not result in. loss
of time since the operator places the wires in position
on the feed means, during a knitting operation, in readi-
ness for the next operation and does not have to stop
the machine whilst he places each wire in position at each
knitting section.

" What I claim is:

1. A method of applying tension to a knitted garment
plece on a flat bed fully-fashloned knitting machine com-
prising the steps of causing the yarn for the first course
of knitting to be drawn by the needles, moving a tension
applying device having a series of projecting hooks up-
wardly towards said yarn drawn on said needles so that
said hooks pass beyond the position of said drawn yarn,
inserting automatically a length of wire between. said
hooks and said first course yarn, moving said tension
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applying device downwardly so that said hooks gather said
wire and said first course yarn, and subsequently allow-
ing the weight of said tension applying device to apply
tension to said first course and to subsequent courses -
of the garment piece.

2. A method of applying tension to a knitted garment
piece on 2 flat bed fully-fashioned knitting machine com-
prising the steps of causing the yarn for the first course
of knitting to be drawn by the needles, moving a ten-
sion applying device having a series of projecting hooks
upwardly towards said yarn drawn on said needles so
that said hooks pass beyond the position of said drawn
yarn, inserting automatically a length of wire between said
hooks and said first course yarn, moving said tension ap-
plying device downwardly so that said hooks gather said
wire and said first course yarn, allowing the weight of
said tension applying device to apply temsion to said
first course and to subsequent courses, releasing the ten-
sion applied through said hooks of said tension applying
device when the garment piece reaches a predetermined
length, and subsequently applying tension to said garment
piece, at a position which is intermediate of its ends,
through friction gripping means which also form part
of said tension applying device.

3. A method as claimed in claim 2, which includes the
step of decreasing automatically the tension applied by
said tension applying device as the knitting width. of said
garment pieces decreases.

4. Appaartus for applying tension to a knitted garment
piece on a flat bed fully-fashioned knitting machine' us-
ing a length of wire which is held in the first course of
knitting, which comprises a wire feed mechanism for
temporarily holding said length of wire and for auto-
matically moving said wire into a position' adjacent the
operative ends of the needles. of the machine; and tension
applying means which gather up said wire, and thus alse
said first course of yarn, and apply tension to said first
course and to subsequent courses of knitting.

5. Apparatus for applying tension to a knitted garment
piece on a flat bed fully-fashioned knitting machine us-

“ing a length of wire which is held in the first course of

knitting, which comprises a wire feed mechanism for
temporarily holding said length of wire and for auto-

-matically moving said wire into a position adjacent the op-

erative ends of the needles of the machine, and tension
applying means which gather up said wire, and thus also
said first course of yarn, and apply tension to said first
course and to subsequent courses of knitting, said wire
feed mechanism. consisting of a series of spaced magnets
to. which said wire is attached, and a frame structure
mounting said magnets, said frame structure being capa-
ble of moving between an inoperative position and an
operatlve position where said magnets, and thus also said
wire, are disposed adjacent said operative ends of said
needles,

6. Apparatus as claimed in claim 5, in which said frame
structure is supported on parallel links which are so ar-
ranged and comstructed. that the trajectory of said mag--
net ends, when moving from said inoperative position to
said operative position, is first arcuate and then follows
a straight line.

7. Apparatus as claimed in claim 6, in- which: the ends
of said links are pivotally connected to four different
shafts one of which shafts is in a fixed position, and a
cross link is provided between said fixed shaft and the
shaft supporting the adjacent end of the other of said
parallel links, wherein in use initial movement of said
wire feed mechanism is such that the whole of said frame
structure and said links. are p1voted about said fixed
shaft and subsequent movement is such that said links
pivot about their own respective shafts.

8. Apparatus for applying tension to a knitted garment

piece on a flat bed fully-fashioned knitting machine us-

ing a length of wire which is held in the first course of
knitting, which comprises a wire feed mechanism having
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a series of magnets to which said wire is temporarily at-
tached and a frame structure mounting said magnets, said
frame structure being adapted for movement automa-
tically between an inoperative position where said wire
is attached to said magnets and an operative position
where said magnet ends, and thus also said wire, are dis-
posed adjacent the operative ends of the knitting needles,
and tension applying means which gather up said wire
and thus also said first course of knitting and apply ten-
sion to said first course and to subsequent courses of
knitting, said tension applying means including a hooked
bar, vertical guide members on which said hooked bar is
slidably mounted, and drive means for moving said
hooked bar in a vertical direction.

9. Apparatus for applying tension to a knitted garment
piece on a flat bed fully-fashioned knitting machine using
a length of wire which is held in the first course of knit-
ting, which comprises a wire feed mechanism having a
series of magnets to which said wire is temporarily at-
tached and a frame structure mounting said magnets,
said frame structure being adapted for movement auto-
matically between an inoperative position where said wire
is attached to said magnets and an operative position
where said magnet ends, and thus also said wire, are dis-
posed adjacent the operative ends of the knitting needles,
and tension applying means which gather up said wire and
thus also said first course of knitting and apply tension
to said first course and to subsequent courses of knitting,
said tension applying means including-a hooked bar, ver-
tical guide members on which said hooked bar is slidably
mounted, a second bar slidably mounted on said vertical
guide members, friction means operatively attached to
said second bar, said second bar being detachably con-
nected to said hooked bar, and drive means for moving
said hooked bar and said second bar together in a vertical
direction and for moving said second bar alone in a ver-
tical direction.

10. Apparatus for applying tension to a knitted garment
piece on a flat bed fully-fashioned knitting machine using
a length of wire which is held in the first course of knit-
ting, which comprises a wire feed mechanism having a
series of magnets to which said wire is temporarily at-
tached and a frame structure mounting said magnets, said
frame structure being adapted for movement automatical-
ly between an inoperative position where said wire is at-
tached to said magnets and an operative position where
said magnet ends, and thus also said wire, are disposed
adjacent the operative ends of the knitting needles, and
tension applying means which gather up said wire and
thus also said first course of yarn and apply tension to
said first course and to subsequent courses of knitting,
said tension applying means including a hooked bar, ver-
tical guide members on which said hooked bar is slidably
mounted, a second bar slidably mounted on said vertical
guide members, friction means in the form of bellcrank
levers one arm of each of which supports a friction pad
and the other arm of each of which supports a roller,
said friction means being operatively attached to said
second bar, pivotally mounted latches by which said
hooked bar and said second bar are detachably connected
together, means for pivoting said latches for disconnect-
ing said hooked bar from said second bar, and drive
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means for moving said hooked bar and said second bar
together in a vertical direction and for moving said sec-
ond bar alone in a vertical direction.

1%. Apparatus for applying tension to a knitted gar-
ment piece on a flat bed fully-fashioned knitting machine
using a length of wire which is held in the first course of
knitting, which comprises a wire feed mechanism having
a series of magnets to which said wire is temporarily at-
tached and a frame structure mounting said magnets, said
frame structure being adapted for movement automatical-
ly between an inoperative position where said wire is at-

. tached to- said magnets and an operative position, where

said magnet ends, and thus also said wire, are disposed
adjacent the operative ends of the knitting needles, and
tension applying means which gather up said wire and
thus also said first course and apply tension to said first
course and to subsequent courses of knitting, said tension
applying means including a hooked bar, vertical guide
members on which said hooked bar is slidably mounted,
a second bar slidably mounted on said vertical guide mem-
bers, friction means in the form of bellcrank levers one
arm of each of which supports a friction pad and the
other arm of each of which supports a roller, said fric-
tion means being operatively attached to said second bar,
pivotally mounted latches by which said hooked bar and
said second bar are detachably connected together, means
for pivoting said latches for disconnecting said hooked
bar from said second bar, and drive means for moving
said hooked bar and said second bar together in a vertical
direction and for moving said second bar alone in a ver-
tical direction, said drive means comprising a magnetic
clutch mechanism. ’

12. Apparatus as claimed in claim 1%, in which said
means for disconnecting said hooked bar from said sec-
ond bar comprise upstanding pins which are movable to
disengage said latches, a foot operated pedal, and a link-
age system extending between said foot operated pedal
and said upstanding pins.

13. Apparatus as claimed in claim 12, which includes
means for varying the tension applied by the dead weight
of said tension applying means, said means comprising
a variable resistance in the electric circuit to said clutch
mechanism, said resistance being controlled by the knit-
ting width control means of the knitting machine.

14. Apparatus as claimed in claim 13, including switch
means, also operable by said foot operated pedal, to short
circuit a second resistance in said clutch circuit to cause
movement of said second bar in a vertical direction.

i5. Apparatus as claimed in claim 14, including sec-
ond switch means operable manually for short circuiting
said second resistance to cause movement of said hooked
bar, together with said second bar, in a vertical direction.

References Cited by the Examiner
UNITED STATES PATENTS

1,986,746  1/1935 Quicketal. —_______ 66—149
2,217,521 10/1940 Miller . ______ 66—149 X
2,381,072  8/1945 MacDonald et al. _____ 66—149

DONALD W. PARKER, Primary Examiner.
P. C. FAW, Assistant Examiner.



